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(57) Abstract 

A geophone (105) with mounted connectors includes 
a body (202), a plurality of removable cable connectors, and 
a cap (204). The body (202) includes an opening defining 
a cavity, a first circuit board positioned in the cavity, and a 
seismic detector positioned in the cavity operably coupled to 
the first circuit board. The cable connectors are positioned in 
the cavity above the first ckcuit board. The cap is coupled 
to the body (202) and includes a second printed circuit board 
operably coupled to the cable connectors and the first circuit 
board. 
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GEOPHONE WITH MOUNTED CONNECTORS 

Background of the Invention 
This invention relates generally to geophones, and in particular to 
geophones with mounted connectors. 
5 Seismic geophone systems are used to gather seismic data. Existmg 

geophone systems suffer from a number of limitations. These limitations include 
the necessity for soldered electrical connections and complicated mechanical 
fasteners which increases both the cost and complexity of assembly and repair. 
The present invention is directed to overcoming one or more of the 
10 limitations of the existing geophone systenis. 

Summary of the Invention 
According to one aspect of the present invention, a geophone system is 
provided that includes one or more geophones including a body including an 
opening defining a caviiy, a first circuit board positioned in the cavity, and a 
seismic detector positioned in the cavity operafoly coupled to the first drcuit 
5 board, one or more removable cable connectors positioned in the cavity above the 
first circuit board, and a cap coupled to the foody, the cap including a second 
printed circuit board operably coupled to the cable connectors and the first 
circuit board, and cabling operably coupled to the cable connectors. 

According to one aspect of the present invention^ a geophone system is 
10 provided that mdudes one or more geophones including a body including an 
opening defining a cavity, a plurality of slots extending into the cavity, a first 
circuit board positioned in the cavity, a seismic detector positioned in the cavity 
operably coupled to the first circuit board, and one or more locking fingers 
extending from the body, one or more removable cable connectors positioned in 
15 the cavity above the first circuit board, the cable connectors extending into the 
slots, and a cap coupled to the locking fingers, the cap including a second printed 
circuit board operably coupled to the cable connectors and the first drctiit board, 
and cabling operably coupled to the cable connectors. 

According to another aspect of the present invention, a geophone system is 
20 provided that includes one or more geophones including a body including an 
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opening defining a cavity, a circuit board positioned in the cavity, and a seismic 
detector positioned in the cavity operably coupled to the circuit board, one or 
more removable cable connectors positioned in the cavity on top of the circuit 
board, and a cap coupled to the body, and cabling operably coupled to the cable 
5 connectors. 

According to another aspect of the present invention, a geophone element 
is provided that includes a geophone sensor and a drcuit board coupled to the 
geophone sensor. 

According to another aspect of the present invention, a cabling system for 
10 use within a geophone system is provided that includes an electrical cable, a 
housing for the cable, and one or more cable terminations at the ends of the 
electrical cable. 

According to another aspect of the present invention, a housing for 
holding geophone sensor components is provided that includes a housing body 
15 including an opening comprising a cavity within the body, one or more keying 
members located within the housing body, and a cap for sealing the housing 



According to another aspect of the present invention, a bridge device is 
provided that includes a bridge body, including an interior chamber and exterior 
20 walls, and slots defining cable termination supports in the exterior walls. 

According to another aspect of the present invention, a rubber pressiu*e 
seal for sealing geophone system components is provided that includes a body, 
including a top surface and a bottom surface, and a pressure ridge positioned on 
the bottom siuf ace of the body. 
25 According to another aspect of the present invention, a gasket device for 

mating with a housing for holding a geophone sensor is provided that includes 
exterior walls and an interior chamber. 

According to another aspect of the present invention, a cap for sealing a 
housing body within a geophone system is provided that includes a cap body and 
30 one or more screw holes extending through the cap body. 



body. 
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According to anol^er aspect of the present invention, a method of 
assembling a geophone assembly is provided that includes inserting a geophone 
sensor element within a body of a housing, placing a bridge in the body of the 
housing, inserting cabling into the housing body, placing a gasket device on top 
5 of the cabling, and sealing the geophone assembly. 

According to another aspect of the present inventidn, a method of 
replacing components in a geophone assembly is provided t^at includes 
disassembling the geophone assembly, removing a component from within the 
geophone assembly, replacing the component with a new component, and 
10 reassembUng the geophone assembly. 

Brief Description of the Drawings 
FIG. 1 is a side view of an embodiment of a geophone system including a 
niunber of geophones connected by cabling. 

FIG. 2 is a three-dimensional view of an embodiment of a geophone with 
15 mounted connectors including a hollow body and a cap. 

FIG. 3 is a side view of the hollow body of the geophone of FIG. 2. 
FIGS. 4a and 4b are exploded, cross-sectidnal side views of the geophone of 
FIG. 2 iUuslxating the design of the mounted cable connectors. 

FIG. 5a is a top view of one of the moimted cable connectors shown in 
20 FIGS. 4a and 4b. 

FIG. 5b is a top view of another one of the mounted cable connectors 
shown in FIGS. 4a and 4b. 

FIG. 5c is a cross-sectional view of the pins of FIGS. 4a and 4b. 
FIG. 6 is a three-dimensional view of a preferred embodiment of the 
25 printed circuit board mounted within the cap and pins. 

FIG. 7 is an exploded view illustrating the electrical connection of the 
printed circuit board within the cap, the pins, the motmted connectors, and the 
circuit board connected with the geophone. 

FIG. 8 is a top view of ail alternative embodiment of a mounted connector. 
30 FIG. 9a is a side view of the moimted cable connector shown in FIG. 8. 
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' FIG. 9b is a side view illustrating the use of a pluraliiy of the mounted 

cable connectors of FIG. 9a. 

FIG. 10 is a top view of an alternative embodiment of the cap, 
FIG. 11 is a side view of the cap of FIG. 10. 
5 FIG. 12a is partial cross-sectional view of the hollow body of the 

geophones illustrating an embodiment of the locking mechanism for attaching 
ihe cap to the hollow body of the geophone. 

FIG. 12b is a top view of the hollow body of FIG. 12a. 
FIG. 12c is a fragmentary cross-sectional illustration of locking 
10 relationship between the cap and the hollow body. 

FIG. 13a is a fragmentary cross-sectional view of an alternative 
embodiment of the locking fingers of the alternative loddng mechanism. 

FIG. 13b is a fragmentary cross-sectional view of the alternative 
embodiment of the locking mechanism. 
15 FIG. 13c is a side view of the alternative view of the locking mechanism. 

FIG. 13d is a top view of the locking ring. 

FIG. 14a is an exploded view of a portion of a preferred embodiment of a 
geophone with moimted connectors. 

FIG. 14b is an exploded view of another portion of tiie geophone with 
20 mountedconnectors of FIG. 14a. 

FIG. 14c is an exploded view of another portion of the geophone with 
mounted connectors of FIG. 14a. 

FIG. 15 is partial oross-sectional view of liie geophone with mounted 
connectors of FIGS. 14a, 14b and 14c. 
25 FIG. 16a is a top view of the geophone housing for the geophone of FIG. 

15. 

FIG. 16b is a top view of the geophone housing of FIG. 16a with a 
geophone assembled into the geophone housing. 

FIG. I6c is a top view of tihe geophone housing of FIG. 16a including the 
30 assembly of a geophone and a lower gasket into the geophone housing. 
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FIG. 16d is a top view of the geophone housing of FIG. 16a including the 
assembly of a geophone, a lower gasket^ and a bridge into the geophone housing. 

FIG. 16e is a top view of the geophone housing of FIG. 16a including the 
assembly of a geophone, a lower gasket, a bridge, and a pair of cables into the 
5 geophone housing. 

FIG. 16f is a top view of the geophone housing of FIG. 16a including the 
assembly of a geophone, a lower gasket, a bridge, a pair of cables, and a rubber 
seal into the geophone housing. 

FIG. 16g is a top view of the geophone housing of FIG. 16a including the 
10 assembly of a geophone, a lower gasket, a bridge, a pair of cables, a rubber seal, 
and an upper gasket into the geophone houising. 

FIG. 16h is a top view of the geophone housing of FIG. 16a indtiding the 
assembly of a geophone, a lower gasket, a bridge, a pair of cables, a rubber seal, 
an upper gasket, and a cover into the geophone housing. 
15 FIG. 17a is a top view of a preferred embodiment of a cable. 

FIG. 17b is a side view of a preferred embodiment of a cable. 

FIG. 18 is a top view of wire terminations used in the cables of FIGS. 17a 
and 17b. 

FIG. 18a is a top view of the wire teiminations of FIG. 18 including shrink 
20 sleeves. 

FIG. 19a is an exploded view of a portion of a preferred embodiment of a 
geophone with motmted connectors. 

FIG. 19b is an exploded view of another portion of the geophone with 
mounted connectors of FIG. 19a. 
25 FIG. 19c is aii exploded view of another portion of the geophone with 

mounted connectors of FIG. 19a. 

FIG. 19d is a top view of a preferred embodiment of a body of the 
geophone with moimted connectors of FIG. 19a. 

FIG. 19e is a cross-sectional view of the body of FIG. 19d. 
30 FIG. 19f is a cross-sectional view of a portion of the body of FIG. 19d. 



wo 00/56117 




PCT/USOO/06547 



FIG. 19g illustrates a preferred embodiment of a circuit board within the 
geophone with mounted connectors of FIG. 19a. 

FIG. 19h illustrates another preferred embodiment of the circuit board of 
FIG. 19g. 

5 FIG, 19i illustrates another preferred embodiment of the circuit board of 

FIG. 19g. 

FIG 19 j is a top view of a preferred embodiment of a bridge included 
within the geophone with mounted connectors of FIG. 19b. 

FIG. 19k is a cross-sectional view of the bridge of FIG. 19j. 
10 FIG. 191 is a top view of a preferred embodiment of a gasket device 

included within the geophone with mounted connectors of FIG. 19c. 

FIG. 19m is a cross-sectional view of the gasket device of FIG. 191. 

FIG. 19n is a side view of the gasket device of FIG. 191. 

FIG. 19o is a top view of a preferred embodiment of a cover included 
15 within the geophone with mounted connectors of FIG, 19c, 

FIG. 19p is a cross-sectional view of the cover of FIG. 19o. 

FIG. 19q is a bottom view of the cover of FIG. 19o. 

FIG. 19r is a top view of another preferred embodiment of a cover included 
within the geophone with mounted connectors of FIG. 19c. 
20 FIG. 19s is a cross-sectional view of the cover of FIG. 19r . 

FIG. 19t is a bottom view of the cover of FIG. 19r . 
FIG. 20 is partial cross-sectional view of the geophone with moimted 
connectors of FIGS. 19a, 19b and 19c. 

FIG. 21a is a top view of the geophone housing for the geophone of FIG. 

25 20. 

FIG. 21b is a top view of the geophone housing of FIG. 21a with a 
geophone assembled into the geophone housing. 

FIG. 21c is a top view of the geophone housing of FIG. 21a including the 
assembly of a geophone and a bridge into the geophone housing. 
30 FIG, 21d is a top view of the geophone housing of FIG. 21a including the 

assembly of a geophone, a bridge, and a pair of cables into the geophone housing. 
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FIG. 21e is a top view of the geophone housing of FIG. 21a including the 
assembly of a geophone, a bridge, a pair of cables^ and a gasket device into the 
geophone housing. 

FIG. 21f is a top view of the geophone housing of FIG, 21a including the 
5 assembly of a geophone, a bridge, a pair of cables, a gasket device, and a cover 
into the geophone housing. 

FIG. 22a is a top view of a preferred embodiment of a cable including a 
keying member. 

FIG. 22b is a side view of the cable of FIG. 22a. 
10 FIG. 22c is a side view of a preferred embodiment of a cable termination 

included within the cable of FIG. 22a. 

FIG. 22d is a top view of an alternative embodiment of the cable of FIG. 

22a. 

FIG. 23 is a top view of the wire terminations used in the cable of FIG. 

15 22a. 

FIG. 23a is a top view of the wire terminations of FIG. 23 including shrink 
sleeves. 

FIG. 24a is a three-dimensional view of an imassembled cable assembly 
including a locking mechanism. 
20 FIG. 24b is a three-dimensional view of the cable assembly of FIG. 24a 

after assembly of the parts. 

FIG. 24c is a top view of another preferred embodiment of a cabling 
assembly including three unassembled sections. 

FIG. 24d is a top view of the cabling of FIG. 24c after assembly of the 
25 sections. 

FIG. 24e is a side view of the assembled cabling of FIG. 24d after the 
cabhng is inserted into a geophone with mounted connectors. 

FIG. 25 is an embodiment of a method of assembling a geophone assembly, 
FIG. 26 is an embodiment of a method of replacing a component within a 
30 geophone assenoJ^ly. 
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Detailed Description of the Illustrative Embodiments 
A geophone system is disclosed. The geophone system preferably includes 
cabling and a geophone assembly including a geophone element, a housing for 
holding the geophone element, and a cap for sealing the housing. In a preferred 
5 embodiment, the geophone assembly is assembled by aligning keying features 
positioned on various components vdthin the system. 

Referring initially to FIG. 1, a geophone system 100 is illustrated that 
includes geophones 105 connected by cabling 110. The cabling 110 may include 
any nimiber of commercially available cabling suitable for geophone systems. 

10 FIG. 2 illustrates a three-dimensional surface view of one of the geophones 

105 and cabling 110 illustrated in FIG. 1. The geophone 105 includes a hollow 
body 202 and a cap 204, both having circular cross-sections. The hollow body 202 
may be fabricated from any number of commercially available materials suitable 
for geophone systems using any number of conventional processes. The cap 204 

15 may be fabricated from any number of conmaercially available materials suitable 
for geophone systems using any number of conventional processes. 

The hollow body 202 receives tiie cabling 110 adjacent to the cap 204. In a 
preferred embodiment, a resHient plastic jacket 206 limits the cabling 110 radius 
of ciu^ature adjacent to the hollow body 202 diuing use in order to prevent 

20 conductor damage. The resihent plastic jacket 206 may be fabricated from any 
number of commercially available materials suitable for geophone systems using 
any nmnber of conventional processes. In a preferred embodiment, the resilient 
plastic jacket 206 is molded onto the cabling 110 to increase the structural 
strength of the cabling 110. 

25 FIG, 3 illustrates a side view of the hollow body 202 orthogonal to the view 

of FIG. 1. In a preferred embodiment, the hollow body 202 includes a bottom 
portion 302, a middle portion 304, a top portion 806, and an internal cavity 308. 
The bottom portion 302 is solid, having an upper conic portion 310 and a lower 
conic portion 312. The lower conic portion 312 includes a bottom surface 314, 

30 wherein a cavity 316 extends inward. 



-8- 



wo 00/56117 




PCTAJSOO/06547 



A metal spike 318 is mounted within the cavity 316. The spike 318 may be 
fabricated from any number of commercially available materials suitable for 
geophone systems using any number of conventional processes. 

The spike 318 includes an enlarged pointed tip 320, which rests on the 
5 bottom surface 314. In a preferred embodiment, the diameter of the lower conic 
portion 312 increases from the bottom surface 314 to the upper conic portion 
310. In a preferred embodiment, the lower conic portion 312 is relatively longer 
and narrower than the upper conic portion 310, which has a larger angle. In a 
preferred embodiment, the diameter of the upper conic portion 310 increases 
10 from the lower conic portion 312 to the middle portion 304. 

In the preferred embodiment, the middle portion 304 houses a 
conventional geophone element 322, which inserts into the cavity 308 and rests 
on a bottom surface 324. The geophone element 322 may include any niunber of 
commercially available seismic detectors suitable for geophone systems. In a 
15 preferred embodiment, the external diameter of the middle portion 304 increases 
from the bottom portion 302 to the top portion 306, and partially into the top 
portion 306. 

The top portion 306 includes the cavily 308, a printed circuit board 326^ a 
slot 328 , and a chamfer 329. The cavity 308 expands at a plane 327 ijiereby 

20 forming a ridge 330. The inner and outer diameters of the top portion 306 are 
constant from the plane 327 to a top surface 332. The printed drcuit board 326, 
having receptacles 334, 336, is removably moimted within the cavity 308 at an 
area 338. The printed circuit board 326 may include any number of 
commercially available single or multi-layer circuit boards adapted to provide the 

25 predetermined electrical connections for the geophone element 322. 

The slot 328 cuts through the top portion 306 adjacent to the top surface 
332, and extends to a flat base 340. The flat base 340 parallels the plane 327 at 
an offset 342. As will be described in detail, the slot 328 facilitates the moimting 
of the cabling 110 to the geophone 105. In a preferred embodiment, slot 328 is 

30 substantially rectangular shaped, In alternative embodiments, tlie slot 328 could 
be V-shaped, circular, or some combination of these shapes. In a particularly 
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preferred embodiment, the hollow body 202 includes a chamfer 829 adjacent the 
top surface 382 to facilitate mounting the cap 204 onto the hollow body 202. 

FIGS. 4a and 4b illustrate a preferred embodiment of the geophone 105, 
viewed in a direction parallel to FIG. 1. The hollow body 202 and the cap 204 
5 jointly house an 0-ring 402, a cable connector 404, an 0-ring 406, a cable 
connector 408, and an 0-ring 410, aU within the top portion 306. 

The 0-ring 402 includes an inner diameter 412, an outer diameter 414, 
and a thickness 416. The 0-ring 402 may be fabricated from any number of 
commercially available materials suitable for sealing. 

10 The 0-ring 402 engages the hollow body 202 at the ridge 330. In a 

preferred embodiment, the 0-ring 402 fits flush against the ridge 330. In a 
preferred embodiment, the inner diameter 412 and the outer diameter 414 fit 
flush with the cavity 305, before and after escpansion, respectively. In a preferred 
embodiment, the 0-ring 402 is substantially paraUel to the flat base 340 and the 

15 offset 342 matches the thickness 416 of the 0-ring. 



slot 328, and is mounted therein zidjacent to the 0-ring 402. The cable connector 
404 may be fabricated from any niunber of commercially available materials 
suitable for electrical connectors using any number of conventional processes. 



shaped head 420. The box-shaped section 418 preferably mates with the slot 328, 
which guides the cable connector 404 into the top portion 306. The box-shaped 
section 418 has a flat bottom 421, a flat top 422, and a curved inner surface 424. 
The flat bottom 421 fits flush with the flat base 340. The flat top 422 fits flush 

25 with the top stnface 332. Finally, the curved inner surface 424 fits flush with the 
cavity 305 inside the top portion 306. 

The disk-shaped head 420 has a level side 426 and an angled side 428. The 
level side 426 includes a chamfered edge 430, a cavity 432, and an 0-ring groove 
434. The chamfered edge 430 guides the cable connector 404 beyond the ridge 

30 330 to position the cavity 43i2 over the printed curcuit board 326. Finally, the O- 
ring groove 434 engages the Oaring 402 at the flat base 340. 



The cable connector 404 is moimted into the hollow body 202 through the 



20 



The cable connector 404 includes a box-^shaped section 418 and a disk- 
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Additionally, the disk-shaped head 420 contains conductors 436, 438, and 
440, receptacles 442, 444, 446, 448, 450 and 452, bushings 454-459, and crimp 
fittings 460, 462 and 464. The conductors 436, 438 and 440 enter the disk- 
shaped head 420 from the box-shaped section 418. Once inside the box-shaped 
5 section 418, the conductors 436, 438 and 440 disperse from the cable 110. In 
alternative embodiments, any nmnber of conductors could be utilized. 

The conductors 436, 438, and 440 may be fabricated from any nmnber of 
commercially available materials suitable for electrical devices. 

The receptacles 442, 444, 446, 448, 450 and 452 may be fabricated from 
10 any number of commercially available materials suitable for electrical devices. 

The bushings 454*459 may be fabricated from any niunber of 
commercially available materials suitable for electrical devices. 

The crimp fittings 460, 462 and 464 may be fabricated from any ntunfoer of 
commercially available materials siutable for dectrical devices. 
15 The receptacles 442, 444, 446, 448, 450 and 452 extend through the disk- 

shaped head 420, in a direction substantially perpendicular to the level side 426. 
The bushings 454-459 jacket the interior sturfaces of the receptacles 442, 444, 
446, 448, 450 and 452 respectively. The bushings 454-459 may be moimted 
within the receptacles 442, 444, 446, 448, 450 and 452 using any ntimber of 
20 conventional processes suitable for electrical devices. 

The conductors 436, 438 and 440 are attached to the bushings 454-456 via 
the crimp fittings 460, 462 and 464, respectively. The conductors 436, 438 and 
440 may be attached to the bushings 454-456 ^da the crimp fittings 460, 462 and 
464 using any number of conventional processes suitable for electrical devices. 
25 The angled side 428 of the moimted connector 404 has an 0-ring groove 

466, wherein the 0-ring 406 seats. The 0-ring 406 includes an inner diameter 
468, an outer diameter 470, and a thickness 472. The 0-ring 406 may be 
fabricated from any number of commercially available materials suitable for 
sealing. 

30 In a preferred embodiment, the outer diameter 470 fits flush with the 

curved inner surface 424 and a curved outer surface 474. In a preferred 

-11- 
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embodiment, only about fifty percent of the thickness 472 fits into the O-ring 
groove 466, 

The cable connector 408, which preferably horizontally and vertically 
mirrors the cable connector 404, engages both the cable connector 404 and the 
5 0-ring 406. The cable connector 408 may be fabricated from any number of 
commercially available materials suitable for electrical connectors. 

The cable connector 408 includes a box-shaped section 476 and a disk- 
shaped head 478. The box-shaped section 476 preferably mates with the slot 328, 
which guides the cable connector 408 into the top portion 306. The box-shaped 

10 section 476 has a flat bottom 480, a flat top 482, and a curved inner surface 484. 
In a preferred embodiment, the flat bottom 480 fits flush with the flat base 340. 
In a preferred embodiment, the flat top 482 fits flush with the top surface 332. 
In a preferred embodiment, the curved inner surface 484 fits flush with the 
cavity 305 inside the top portion 306. 

15 The disk-shaped head 478 has an angled side 486 and a level side 488, both 

relative to the box-shaped section 476. The angled side 486 has an O-ring groove 
490, wherein the O-ring 406 fits. In a preferred embodiment, the outer diameter 
470 fits flush with the curved inner surface 484 and a curved outer smf ace 492. 
In a preferred embodiment, only about fifty percent of the thickness 472 fits into 

20 the Oaring groove 490. In a preferred embodhnent, the angled side 486 of the 
connector 408 contacts the angled side 428 of the connector 404 with only about 
fifty percent of the O-ring 406 positioned in the O-ring groove 466 and about fifty 
percent positioned in the O-ring groove 490. 



25 498, receptacles 500, 502, 504, 506, 508 and 510, bushings 512-517, and crimp 
fittings 518, 520 and 522. The receptacles 500, 502, 504, 506, 508 and 510 of the 
connector 408 are aligned with the receptacles 442, 444, 446, 448, 450 and 452 of 
the connector 404, respectively. 



Additionally, the disk-shaped head 478 contains conductors 494, 496, and 



30 



The conductors 494, 496, and 498 may be fabricated from any number of 
commercially available materials suitable for electrical devices. 
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The receptacles 500, 502, 504, 506, 508 and 510 may be fabricated from 
any number of commerciaUy available materials suitable for electrical devices. 

The bushings 512-517 may be fabricated from any number of 
commercially available materials suitable for electrical devices* 
5 The crimp fittings 518, 520 and 522 may be fabricated from any number of 

conmiercially available materials suitable for electrical devices . 

The conductors 494, 496, and 498 enter tiie disk-shaped head 478 from the 
box-shaped section 476. After entering the box-shaped section 476, the 
conductors 494, 496, and 498 disperse from the cable 110, In a preferred 
10 embodiment, the receptacles 500, 502, 504, 506, 508 and 510 extend through the 
disk-shaped head 478 in a direction substantially perpendicular to the level side 
488. 

The bushings 512-517 jacket the interior surfaces of tiie receptacles 500, 
502, 504, 506, 508 and 510, respectively. The bushings 512-517 may be moxmted 
15 within the receptacles 500, 502, 504, 506, 508 and 510 using any number of 
conventional processes suitable for electrical devices. 

The conductors 494, 496, and 498 are attached to the bushings 516, 515, 
and 517 via the crimp fittings 518, 520, 522, respectively, The conductors 494, 
496, and 498 may be attached to the bushings 516, 515, and 517 via the crimp 
20 fittings 518, 520, 522 using any number of conventional processes suitable for 
electrical devices. 

The level side 488 preferably has a chamfered edge 524, a cavity 526, and 
an 0-ring groove 528, vrherein the 0-ring 410 seats. The 0-ring 410 includes an 
inner diameter 530, an outer diameter 532, and a thickness 534. The 0-ring 410 
25 may be fabricated from any niunber of conunercially available materials suitable 
for sealing. The outer diameter 532 preferably fits substantially flush with the 
ciuved outer surface 492. 

The cap 204 mates with the hollow body 202 adjacent to the O-ring 410, 
The cap 204 includes a molded housing 534 and a printed circuit board 536. The 
30 printed circuit board 536 may include any number of commercially available 
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single or multi-layer printed circuit boards modified in accordance vnth. the 
teachings of the present disclosure. 

The molded housing 534 includes a top surface 535, a chamfered edge 538, 
a curved outer surface 540, a bottom surface 542, an 0-ring groove 544, an inner 
5 groove 546, and a middle area 548. Pins 550-555 protrude from the printed 
circuit board 536, and align with the receptacles 442, 444, 446, 448, 450 and 452 
of the mounted connector 404 and the receptacles 500, 502, 504, 506, 508 and 
510 of liie moimted connector 408 respectively. The pins 550^555 extend 
through the middle area 548, and outwardly from the molded housing 534. 
10 Additionally, pins 554 and 555 extend relatively further than the pins 550-553. 

The pins 550-555 may include any number of commercially available 
conductive connector pins modified in accordance with the teachings of tlie 
present disclosm*e. 

As niustrated in FIG. Sa^ the disk*shaped head 420 of the mounted 
15 connector 404 has a center 560, an axis 562, and an axis 564. The axis 562 
preferably parallels the cabling 110, and extends through the center 560. The 
axis 564 extends through the center 560 and is preferably perpendicular to the 
axis 562. 

Preferably arranged syitimetrically about the center 560, the receptacles 
20 444 and 448 preferably lie on the axis 562, while the receptacles 442, 446, 450, 
and 452 preferably lie on the axis 564, In a preferred embodiment, the 
receptacles 442, 444, 446, 448, 450 and 452 all lie within the boundaries of the 0- 
ring groove 466. In a preferred ejnbodiment, the receptacle 444 lies nearest the 
box-shaped section 418^ while the receptacle 448 Ues equidistant from the center 
25 560 rotated 180 de^ees about the center 560, Refeiring to the axis 564, in a 
preferred embodiment, the receptacles 442 and 446 He near the 0-ring groove 
46 6, while the receptacles 450 and 452 lie relatively cloiser to the center 560 . 
Relative to the center 560, in a preferred embodiment, the receptacles 442 and 
450 are oriented 90 degrees counterclocld^vdse fro^ the receptacle 448, while the 
30 receptacles 452 and 456 are oriented 90 degrees clockwise from the receptacle 
448. 
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As illustrated in FIG. 5b, the disk-shaped head 478 of the mounted 
connector 408 has a center 566, an axis 568, and an axis 570. The axis 568 
preferably parallels the cabling 110, and extends through the center 566. The 
axis 570 extends through the center 566 and is perpendicular to the axis 568. 
5 Arranged symmetrically about the center 566, in a preferred embodiment, 

the receptacles 502 and 506 lie on the axis 568, while the receptacles 500, 504, 
508 and 510 lie on the axis 570. In a preferred embodiment, the receptacles 500, 
502, 504, 506, 508 and 510 all he within the boundaries of the 0-ring groove 528. 
In a preferred embodiment, the receptacle 506 lies nearest the box-shaped 

10 section 476, while the receptacle 502 Ues equidistant from the center 566 rotated 
180 degrees about the center 566. Referring to the axis 570, in a preferred 
embodiment, the receptacles 500 and 504 lie near the 0-ring groove 528, while 
the receptacles 508 and 510 lie relatively closer to the center 566, Relative to the 
center 566, in a preferred embodiment, the receptacles 500 and 508 are oriented 

15 90 degrees counterclockwise from the receptacle 506, while the receptacles 504 
and 510 are oriented 90 degrees clockwise from the receptacle 506. 

Thus, in a preferred embodiment, the receptacles 442, 444, 446, 448, 450 
and 452 of the mounted connector 404 and the receptacles 500, 502, 504, 506, 
508 and 510 of the mounted connector 408 are aligned. 

20 As illustrated in FIGS. 5a, 5b, 5c, 6 and 7, in operation, pin 550 engages 

the mounted connector 404 within the bushing 455 at the receptacle 444 and the 
moimted connector 408 within the bushing 513 at the receptacle 502. In 
operation, pin 551 engages the mounted connector 404 within the bushing 454 at 
the receptacle 442 and the moimted connector 408 within the bushing 512 at the 

25 receptacle 500. In operation, pin 552 engages the mounted connector 404 within 
the bushing 457 at the receptacle 448 and the moimted connector 408 within the 
bushing 515 at the receptacle 506. In operation, pin 553 engages the mounted 
connector 404 within the bushing 456 at the receptacle 446 and the mounted 
connector 408 within the bushing 514 at tiie receptacle 504. In operation, pin 

30 554 engages the mounted connector 404 within the bushing 459 at the receptacle 
452, the mounted connector 408 within the bushing 517 at the receptacle 510, 
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and with the bushing 705 at one of the receptacles S34 of the printed circuit 
board 826. In operation, pin 555 engages the mounted connector 404 within ttxe 
bushing 458 at the receptacle 450, the mounted connector 408 within the 
bushing 516 at the receptacle 508, and with the bushing 710 within another one 
5 of the receptades 336 of the printed circuit board 326. In this manner, the pins 
550-555 provide proper electrical connection from the cabling 110 to the printed 
circuit board 326 and the geophone element 322. 

As illustrated in FIGS. 4a, 4b, 5a, 5b, 5c, 6 and 7, the pins 550-555 mate 
with the bushings 454-459, 512-517, 705 and 710. The mating relationship 

10 between the pins 550-555 and the bushings 454-459, 512-517, 705 and 710 may 
include a conventional spring-loaded interference fit for commercially available 
- electrical connectors. In a preferred embodiment, the mating relationship 
between the pins 550-555 and tiie bushings 454-459, 512-517, and 705 and 710 
may include spring-loaded interference fit. 

15 As illustrated in FIGS. 6 and 7, in a particularly preferred embodiment, 

the printed circuit board 536 includes one or more ke3dng members 605 and 610, 
the mounted connector 408 includes a keying member 615, the mounted 
connector 404 includes a keying member 620, and the printed circuit board 326 
includes a keying member 625. These keying members ensure proper alignment 

20 of the printed circuit board 536, motmted connector 408, moimted connector 404, 
and the printed circuit board 326. In particular, the interlocking relationship of 
the keying members 605 and 615 and 620 and 625 ensure proper alignment of 
the printed circuit board 536, mounted connector 408, moimted connector 404, 
and ihe printed circuit board 326. 

25 The keying members 605, 610, 615, 620, and 625 may include any number 

of conventional commercially available kejdng members modified in accordance 
with the teachings of the present disclosure. 

In a particularly preferred embodiment, the molded housing 534 of the cap 
204 includes one or more keying members (not illustrated) that interact with the 

30 keying members 605 and 610 of the printed circuit board 536. In a particularly 
preferred embodiment, the hollow body 202 includes one or more keying 
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members (not illustrated) that interact with the keying member 625 of the 
printed circuit board 326. 

Persons of ordinary skill in the art having the benefit of the present 



5 utilized without departing from the teachings of the present disdosinre. 

As illustrated in FIGS. 6 and 7, in a particularly preferred embodiment, 
the printed circuit board includes one or more signal traces 650 that permit tiie 
electrical connection of the geophones 105 to be adjusted to parallel or serial 
depending upon the orientation of the cap 204 upon insertion. In this manner, 

10 the operator may program the operation of the geophone system 100 to two 
different modes of operations. In alternative embodiments, additional 
programing capabilities may be added by adjusting the arrangement of the pins 
and the receptacles of the connectors to permit more that two possible 
programing positions, 

15 In the assembled geophone 105, the 0-ring 402 is positioned between the 

ridge 330 of the hollow body 202 and the 0-ring groove 434 of the connector 404 
with the printed circuit board 326 contained within the cavity 432 of the 
connector 404. In the assembled geophone 105, the box-shaped section 418 of 
the connector 404 is positioned within the groove 328 of the hollow body 202. in 

20 the assembled geophone 105, the 0-ring 406 is positioned between the 0-ring 
groove 466 of the connector 404 and the 0-ring groove 490 of the connector 408. 
In the assembled geophone 105, the box-shaped section 476 of the connector 408 
is positioned within the other groove 328 of thie hollow body 202. In the 
assembled geophone 105, the 0-ring 410 is positioned between the 0-ring groove 

25 528 of the connector 408 and the 0-ring groove 544 of the cap 204. In the 

assembled geophone 105, the chamfered edge 524 of the connector 408 guides the 
molded housing 534 of the cap 204 onto the moxmted connector 408 with the 
chamfered edge 524 sliding into the inner groove 546. In the assembled 
geophone 105, the middle area 548 also mates with the cavity 526, the bottom 

30 surface542of the cap 204 contacts the top surface 332 of the hollow body 202. 
Thus, the 0-rings 402, 406 and 410 and the interlocking mating relationship of 



disclosure will recognize that any number or type of keying members may be 
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the hollow body 202, connectors 404 and 408, and cap 204 provide a watertight 
enclosure providing protection to the internal components. The cap 204 may be 
removably coupled to the hollow body 202 using any number of conventional 
methods for removably connecting two members. In a preferred embodiment, 
5 the cap 204 is removably coupled to the hollow body 202 substantially as 
illustrated and described below in FIGS. 12a, 12b and 12c. 

In an alternative embodiment, all or some of the cable connectors could be 
stacked on the same side of tiie hollow body 202. In another alternative 
embodiment, one or more cable connectors could be mounted within the hollow 
10 body 202. In still other alternative embodiments, the cable connectors can be 
equally or unequally spaced about the axial plane of the upper section 306 of the 
hollow body 202. 

Referring to FIGrS. 8, 9a and 9b, an alternative embodiment of a mounted 
connector 805 will now be described. The connector 805 includes a box-shaped 

15 member 810 and a disk-shaped member 815. 

The box-shaped member 810 includes a resilient spiral wrapping 820 that 
maintains the radius of ciuvature of the cabling 110 within acceptable 
predetermined limits. The resilient spiral wrapping 820 may include any 
number of commercially available resilient spiral wrappings. 

20 The disk-shaped member 815 includes an upper O-ring groove 825 located 

on an upper surface 826, a lower O-ring groove 830 located on a lower surface 
831, a plurality of receptacles 835, a plurality of bushings 840, crimp fittings 845, 
and conductors 850. The upper surface 826 and the lower siurface 831 are 
substantially parallel. The design, construction and arrangement of the 

2 5 receptacles 835, bushings 840, crimp fittings 845, and conductors 850 of the 
moimted connector 805 is substantially identical to that of the mounted 
connectors 404 and 408. The principal differences in the design and construction 
of the mounted connector 805 versus the mounted connectors 404 and 408 is the 
use of the spiral wrapping 820 and the shape of the disk member 815. 

30 In particular, as illustrated in FIG. 9b, the shape of the disk member 815 

of the moimted connector 805 permits a plurality of such connectors to be 
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stacked, separated by 0-rings 905, in a plurality of orientations with adjustment 
in the pattern of the receptacles 835. 

In alternative embodiments of the connector 805, spring loaded contacts 
may be provided instead of feed through holes. Such contacts are preferably self- 
5 cleaning contacts. 

Referring to FIGS. 10 and 11, a preferred end)odhnent of a cap 1000 will 
be described. The cap 1000 includes a main body 1005, a number of extensions 
1010 that extend in a radial direction outward from the main body 1005, a top 
surface 1015, a bottom surface 1020, and pins 1025. In a particularly preferred 

10 embodiment, the extensions 1010 are positioned over the cabhng 110 in the 
assembled geophone 105 to provide support to the cabling 110. 

Referring to Pigs. 12a, i2bj and 12c, a preferred embodiment of a loddng 
mechanism 1200 for locking the cap 204 onto the hollow body 202 will now be 
described. The locking mechanisin 1200 includes one or more locking fingers 

15 1205 that interlock with the cap 204. The locking fingers 1205 include a base 
section 1210 and a hook 1215. The base section 1210 is resiliently pivotally 
mounted to the hollow body 202 wthin the upper region 806. The hook 1215 
interlocks with the cap 204 by locking on a recess 1220 provided within the cap 
204. The cap 204 is locked onto the hollow body 202 by moving the cap 204 in an 

20 axial direction toward and relative to the hoUow body 202. During assembly^ the 
rim 1225 of the recess 1220 of the cap 204 forces the hook 1216 to pivot inwardly 
in a radial direction. Once the hook 1215 clears the rim 1225 of the recess 1220 
of the cap 204, the hook 1215 pivots outwardly in a radial direction into ihe 
recess 1220. 

25 Referring to FIGS. 13a, 13b, 13c and 13d, in an alternative preferred 

embodiment, the locking mechanism 1300 includes one or more locking fingers 
1302 that interlock with the cap 204 by using a locking riag 1304. Each of the 
locking fingers 1302 extend in a longitudinal direction from the hollow body 202 
and include a resilient base 1306 and a hook 1308. The cap 204 is modified to 

30 indudeaplurahty of cavities 1310 h^ During 
assembly of the geophone 105, the cavities 1310 receive the hooks 1308. The 
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locking ring 1304 includes a resilient body 1314 and a plurality of locking 
members 1316. During assembly, the locking ring 1304 is placed onto the cap 
204 to secure the cap 204 to the hollow body 202. In particular, the locking 
members 1316 are inserted into corresponding apertures 1312 of the cap 204 to 



be fabricated by modifying any niimber of commercially available locking rings 
mocUifled in accordance with the teachings of the present disclosure. 

Referring to FIGS. 14a, 14b, 14c, 15, 16a, 16b, 16c, 16d, 16e, 16f, 16g, 16h, 
17a, 17b, 18, and 18a a preferred embodiment of a geophone with moimted 

10 connectors 1400 will now be described. The geophone 1400 preferably includes a 
housing 1405, a geophone sensor 1410, a lower gasket 1415, a bridge 1420, one or 
more cables 1425, a rubber seal 1430, an upper gasket 1435, a tag 1440, a cover 
1445, and screws 1450. 

The housing 1405 preferably includes a metal spike 1455 and a body 1460 

15 including an interior chamber 1465. The interior chamber 1465 of the housing 
1405 is preferably adapted to receive and mate with the geophone sensor 1410, a 
lower gasket 1415, a bridge 1420, one or more cables 1425, ia contact pressure 
rubber seal 1430, and upper gasket 1435. In this manner, the geophone sensor 
1410 is preferably operably coupled to the metal spike 1455 to sense seismic 

20 energy. 

The body 1460 preferably is fabricated from a high strength electrically 
insulative material. 

The body 1460 of the housing 1405 preferably includes cable slots 1485a 
and 1485b, sealing slots 1490a and 1490b, and keying members 1495a and 1495b. 

25 The cable slots, 1485a and 1485b, are preferably adapted to niate with a 
corresponding cable 1425. The sealing ^Idts 1490a and 1490b are preferably 
adapted to mate with the lower gasket 1415, the bridge 1420, the contact 
pressure rubber seal 1430, and the upper gasket 1435. In this manner, the 
electrical connection of the cables 1425 to the circuit board 1475 is preferably 

30 water-tight and protected from contamination. The body 1460 of the housing 



5 



lock the locking fingers 1302 into the cavities 1310. The locking ring 1304 may 
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1405 further preferably includes several screw holes 1570 for receiving threeuled 
fasteners. 

The geophone sensor 1410 preferably includes a sensor 1470 and a circuit 
board 1475. The circuit board 1475 is preferably operably coupled to the sensor 
5 1470. The circuit board 1475 is fiurther preferably adapted to couple with one or 
more cables 1425. In a preferred embodiment, the circuit board 1475 includes 
electricalcontacts 1480 for coupling to the cables ^1^^^ In a preferred 
embodiment, the circuit board 1475 further includes one or more operational 
keying member 1500 that can be programmed using a surface mount resistor 

10 1505, or other similar device. In this manner, tiie operational features of the 
geophone 1400 can be selected and programmed. The circuit board 1475 
preferably has a circular shape having a pair of opposing circular cut-outs* In 
this manner, the circuit board 1475 preferably mates with the bridge 1420. The 
sensor 1470 preferably includes a conventional geophone sensing element 

15 adaptedto couple with the circuit board 1475, 

The lower gasket 1415 preferably mates with and is supported within the 
sealing slots 1490a and 1490b of the body 1460 of the housing 1405. The lower 
gasket 1415 further ihdudes cable sealing: members 1510a and 1510b that 
preferably mate with the cables 1425. In this manner, the interface between the 

20 cables 1425 and the body 1460 of the housi^^ 

The lower gasket 1415 is preferably fabricated from an electr^ 
insulative material such as, for example, natiural or sj^ 

The bridge 1420 preferably indudes a body 1515 having interior chamber 
1520, exterior walls 1525a and 1525b, cable termination supports 1530a and 

25 1530b, and cable rests 1535a and 1535b. The interior chamber 1520 is priBferably 
adapted to mate with the drcuit board 1475. The exterior walls i525a and 1525b 
are preferably adapted to mate with the interior surfaces of the walls of the 
sealing slots 1490a and 1490b. In this manner, the bridge 1420 preferably is 
positioned within the walls of the body 1460 of the hoiising 1405 that define the 

30 sealing slots 1490a and 1490b. The cable termination support 1530a and 1530b 
are preferably adapted to niate with the exterior surfaces of the cables 1425, and 
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the cable termination supports 1530a and ISSOb furtiier preferably include one 
or more slots for receiving and supporting a corresponding cable tennination. In 
this manner, the cable termination supports 1530a and 1530b provide support 
for and define the position of the terminations of the cables 1425. In a preferred 
5 embodiment, the slots of the cable termination supports 1530a and 1530b ahgn 
the temiinations of the cables 1425 with the coirespondihg eledxical contacts 
1480 provided on the circuit board 1475. The cable rests 1535a and 1535b are 
preferably adapted to receive, support and mate with the cables 1425. 

The bridge 1420 is preferably fabricated from a rigid electrically insxilative 
10 material such as, for example, plastic, ceramic or composite materials. 

The cable 1425 preferably includes a nimiber of cable terminations 1540, a 
first cable housing 1545, a second cable housing 1550, a ttiird cable housing 1555, 
and a fourth cable housing 1560. The cable terminations 1540 are preferably 
adapted to mate with the slots in the cable termination supports 1530a and 
15 1530b of the bridge 1420, In a preferred embodiment, the cable terminations 
1540 provide electrical contacts for the cable 1425. In a preferred embodiment, 
the cable terminations 1540 provide stress reHef for the cable 1425. The first 
cable housing 1545 is preferably adapted to mate with the outside surface of the 
cdhle termination supports 1530a and 1530b and the cable rests 1535a and 
20 1535b, The second cable housing 1550 is prefera^^ 

lower gasket 1415 and the upper gasket 1435. In this manner, the interface 
between the cables 1425 and the body 1460 of the housing 1405 is sealed. The 
third cable housing 1555 is preferably adapted to mate with the csble slots 1485a 
and 1485bw In iMs manner, the cable 1425 is secured to and supported by the 
25 body 1460 of the housing 1405. 

The housings, 1545, 1550 and 1555, of the cable 1425 are preferably 
fabricated from an electrically insulative material such as, for example, plastic or 
synthetic rubber. 



30 interior chamber 1520 of the bndge 1420; In this manner, the interior chamber 



The contact pressure rubber seal 1430 preferably mates with the top of the 
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1520 of the bridge 1420, which includes the circuit board 1475 and cable 
terminations 1540, is sealed and protected &om contamination. 

In a preferred embodiment, the contact pressure rubber seal 1430 includes 
a top surface 1431, a bottom surface 1432, and a presswe device 1433 positioned 
5 on the bottom surface 1432. In a preferred embodiment, the pressure device 
1433 is an extension of the contact pressure rubber seal 1430 and is used to apply 
pressure to ensure sufiBcient contact between the cables 1425 and the electrical 
contacts 1480 on the circuit board 1475. 

The contact pressure rubber seal 1430 is preferably fabricated from an 
10 electrically insulative material such as, for example, natural or synthetic rubber. 

The upper gasket 1435 preferably mates with and is supported within the 
sealing slots 1490a and 1490b of the body 1460 of l&e housing 1405. The upper 
gasket 1435 further includes cable sea^ 

preferably mate with the third cable housing 1550 of the cables 1425. In this 
15 manner, the interface between the cables 1425 and the body 1460 of the housing 
1405 is sealed. 

The upper gasket 1435 is preferably fabricated &om m 
insulative material sudi as, for example, nattiral or ssmtiietic rubber. 

The tag 1440 is preferably adapted to mate with the cover 1450, The tag 
20 1440 preferably identifies the operating configiu-ation of the geophone 1400. 

The cover 1445 is preferably adapted to mate with the body 1460 of the 
housing 1405. The cover 1445 preferably includes corresponding female keying 
members that mate with the keying members 1495a and 1495b. The cover 1445 
prefers^ly indudes sev^al openings for receiving a screw 1450 for fastening the 
25 cover securely to the body 1460 of the housing 1405. 

The cover 1445 preferably is fabricated from a durable electrically 
iasiilative materials such as, for example, pla^ 
material. 

As illustrated in FIG. 18, in a preferred embodiment, the cables 1425 
30 include a conductor cablfe 1805 witii one or more conductors 1810. Each of the 
conductors preferably include a termination 1540. The conductor cable 1805 and 
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conductors 1810 with terminations 1540 are preferably molded into the cable 
housings 1545, 1550, 1555 and 1560. 

The terminations 1540 preferably include crimp on terminations having 
an opening for receiving an electrical conductor and a body having a smaller 
5 (Tirlindrical element and a larger (^lind^ 

As illustrated in FIG. 18a, in a preferred embodiment, the cables 1425 
further include one or more shrink sleeves 1815 for prodding a seal between the 
conductors 1810 and the terminations 1540. The shrink sleeves 1815 prefOTably 
prevent fluids from within the cable 1425 from entering the geophone 1400. The 
10 shrink sleeves 1815 may include any ntunber of conventional commercially 
available shrink sleeves such as, for ^example, ES 106'*' glue filled shrink sleeves, 
3M glue filled shrink sleeves, or RAYGHEM glue filled shrirdi sleeves. In a 
preferred embodiment, the shrink sleeves 1815 indude ES lOQ* glue filled shriek 
sleeves. 

15 Referring to FIGS. 19a^ 19b, 19c, 19d, 19e, 19f, 19g, 19h, 19i, 19j, 19k, 191, 

19m, 19n, 19o, 19p, 19q, 19r, 19s, 19t, 20, 21a, 21b, 21c, 21d, 21e, 21f; 22a, 22b, 
23, and 23a, a preferred embodiment of a geophone with mounted connector^ 
1900 now be described. The geophone 1900 preferably includes a housing 
1905, a geophone sensor 1910, a bridge 1920, one or more cables 1925, a gasket 

20 device 1935, a cover 1945, and screws 1951. 

The housing 1905 preferably includes a metal spike 1955 and a body I960 
including an interior chamber 1965. The interior chamber 1965 of the housm^ 
1905 is preferably adapted to receive and mate vnth the geophone sensor 1910, a 
bridge 1920, one or more cables 1925, aiid a gask^^ In this manner, 

25 the geophone sensor 1910 is preferably operably coupled to the metal spike 1955 
to sense seismic energy. 

The body 1960 preferably is fabricated from a high strength electrically 
insulative material. 

As iUustrated in FIGS. l9a, 19d, 19e, and 19f, the body 1960 of the 

30 housing 1905 preferably includes cable slots l985a and 1985b, sealing slots 1990a 
and 1990b, a keying sibt 1991, and a keying member 1992. The cable slots, 
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1985a and 1985b, are preferably adapted to mate with a corresponding cable 
1925. In a preferred embodiment, the cable slots 1985a and 1985b include 
angled edges 1986a and 1986b. The angled edges 1986a and 1986b are preferably 
designed to match an angled edge on the cable 1925. The keying slot 1991 is 
5 preferably adapted to mate with a keying member on the gasket device 1935. 
The keying member 1992 is preferably adapted to mate with a drcuit board on 
the geophone sensor 1910. In another preferred embodiment, the body 1960 
includes a second keying member 1998 to mate with the circuit board and the 
bridge 1920. The sealing slots 1990a and 1990b are preferably adapted to mate 
10 with the bridge 1920 and the gasket device 1935. In this manner, the electrical 
connection of the cables 1925 to the circuit board 1975 is preferably water-tight 
and protected from contamination. The body 1960 of the housing 1905 further 
preferably includes several screw holes 2070 for receiving threaded fasteners. 



15 board 1975. The circuit board 1975 is preferably operably coupled to the sensor 
1970. The circuit board 1975 is further preferably adapted to couple with one or 
more cables 1925. In a preferred embodiment, as illustrated in FIG. 19a, the 
circuit board 1975 includes electrical contacts 1980 for coupling to the cables 
1925. In a preferred embodimeixt, as illustrated in FIGS. I9g, Idh, and 19i, the 

20 circuit board 1975 further includes one or more operational keying members 
2000 and one or more operational pathways 1981. In a preferred embodiment, 
the operational pathways 1981 are coupled to the operational keying members 
2000 and the electrical contacts 1980. The operational pathways 1981 may be 
reprogrammed by a surface mount resistor 2005^ or otiier similar device, to 

25 change the mode of operation of the circuit board 1975. In this manner, the 
operational features of the geophone 1900 can be selected and programmed. The 
circuit board 1975 preferably has a circular shape having a pair of opposing 
circular cut-outs. In this manner, the circuit board 1975 preferably mates with 
the bridge 1920, In a preferred embodiment, the circuit board 1975 includes a 

30 keying member 1996 that mates \?nth the keying member 1992 in the body 1960 
of the housing 1905 as well as a keying slot in the bridge 1920. The sensor 1970 



The geophone sensor 1910 preferably includes a sensor 1970 and a circuit 
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preferably is a conventioiial geophone sensing element adapted to couple with 
the circuit board 1975. 

As illustrated in FIGS. 19b 19j, and 19k, the bridge 1920 preferably 
includes a body 2015 having interior chamber 2020, exterior walls 2025a and 
5 2025b, cable termination supports 2030a and 2030b, cable rests 2035a and 
2035b, keying slots 2036a and 2036b in the exterior wall 2025a, and keying slots 
2037a and 2037b in the exterior wall 2025b. The interior chamber 2020 is 
preferably adapted to mate with the circuit board 1975. The exterior walls 2025a 
and 2025b are preferably adapted to mate with the interior surfaces of the walls 

10 ofthe sealing slots 1990a and 1990b . The keying slots 2 

preferably adapted to mate with the keying member 1992 in the body i960 of the 
housing 1905 and the keying member 1996 on the circuit board 1975. In auother 
preferred embodiment, the keying slots 2036a and 2036b are further adapted to 
mate with the keying member 1998 in the body 1960 of the housing 1905, In this 

15 manner, the bridge 1920 preferably is positioned within the walls of the body 
1960 of the hoiising 1905 that defme the se^ 

cable termination supports 2030iEi and 2030b are pireferably adapted to mate with 
the exterior surfaces of the cables 1925, and the ckble tenxiination supports 
2030a and 2030b ftu-ther preferably include one or more slotis for receiving and 

20 supporting a correspondihg cable termination. In this manner, the cable 
termination supports 2030a and 2030b provide support for and d 
position of the terminations of the cables 1925. In a preferred embodiment, the 
slots of the cable termination stipports 2030a and 2030b align the terminations 
of the cables 1925 with the corresponding electrical contacts 1980 provided on 

25 the circuit board 1975. The cable rests 2035a and 2035b are preferably adapted 
to receive, support and mate with the cables 1925, 

The bridge 1920 is preferably fabricated from a rigid electrically insulative 
material such as, for example, plastic, ceramic or composite materials. 
As illustrated in FIGS. 19b, 22a, 22b, 22c, and 22d, the cable 1925 

30 preferably includes a number of cable terminations 2040, a first cable housing 
2045, a second cable housing 2050, a third cable housihg 2055, and a fourth cable 
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housing 2060. The terminations 2040 preferably indude crimp-on terminations 
having an opening 2041 for receiving an electrical conductor and a body having a 
smaller cylindrical element 2042 and a larger eylindrical element 2043. The 
cable terminations 2040 are preferably adapted to mate with the slots in the 
5 cable termination supports 2030a and 2030b of the bridge 1920. The cable 
terminations 2040 preferably provide electrical contacts for lile cable 1925. The 
cable terminations 2040 preferably pro^de stress relief for the cable 1925. The 
first cable housing 2045 is preferably adapted to mate with the outside surface of 
the cable termination supports 2030a and 2030b and the cable rests 2035a and 

10 2035b. The second cable housing 2050 is preferably adapted to mate with the 
gasket device 1935. In this maimer^ the interface between the cables 1925 and 
the body 1960 of the housing 1905 is sealed. The third cable housing 2055 is 
preferably adapted to ma:te with the cable slots 1985a and 1985b. In a preferred 
embodiment, the third cable housing 2055 includes an angled edge 2056 adapted 

15 to mate with the angled edges 1986a and 1986b of the cable slots 1985a and 
1985b. In a preferred embodiment, the cable 1925 includes cable terminations 
2040 atboth ends of the cable 1925. lA a prefixed embodiment, the angled 
edges 2056 are designed to inate with both cable slots 1985a and 1985b. In 
another preferred embodiment, the cable 1925 includes angled edges 2057a and . 

20 2057b. The angled edge 2057b is preferably adapted to mate with cable slot 
1985b, and the angled edge 2057a is preferably adapted to mate with cable slot 
1985a. The alignment of angled edge 2057a with cable slot 1985a, and angled 
edge 2057b with cable slot li985b preferably prevents the incorrect connection of 
the cable 1925 and the geophone sensor 1910. In this manner, the cable 1925 is 

25 secured to and supported by the body 1960 of the housing 1905. 

The housings, 2045, 2G50 and 2055, of the cable 1925 may be fabricated 
from an electrically insulative material such as, for example, plastic or synthetic 
rubber. 

As iUustratedin FIGS. 19c, 191^ 
30 preferably includes a body 1936 inclu^ 1937a, 1937b, 1937c, 

and 1937d, an interior chamber 1938, sealing slots 1939a and 1939b within the 
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exterior walls 1937a and 1937c, and a rubber contact pressure device 1930 
positioned within the interior chamber 1938. In another preferred embodiment, 
the gasket device 1935 further includes a keying ridge 2039 for mating with the 
cover 1945. The gasket device 1935 preferably mates with and is supported 
5 within the sealing slots 1990a and 1990b of the body 1960 of the housing 1905. 
The sealing slots 1939a and 1939b in the exterior walls 1937a and 1937c of the 
gasket device 1935 are pref^ably adapted to mate with the second cable hoiising 
2050. In this manner, the interface between the cables 1925 and the body 1960 
of the housing 1905 is sealed. The rubber contact pressure device 1930 is 

10 preferably coupled to the exterior wall 1937d by a keying member 1933. The 
keying member 1933 is preferably adapted to mate with the keying slots 2037a 
and 2037b in the exterior wall 2025b of the bridge 1920 and the keying slot 1991 
in the body 1960 of the housing 1905. The rubber contact pressure device 1930 
preferably mates with the top of the interior chamber 2020 of the bridge 1920. 

15 In this manner, the interior chamber 2020 of the bridge 1920, which includes the 
circuit board 1975 and cable terminations 2040, is sealed and protected from 
contamination. In a preferred embodiment, the rubber contact pressure device 
1930 includes a pressure ridge 1931 adapted to supply pressure to the cable 
terminations 2040 to improve the coupling between the cable terminations 2040 

20 and the electrical contacts 1980 on the circuit board 1975. 

The gasket device 1935 may be fabricated from any electrically insulative 
material such as, for example, natural or synthetic rubber. 

In a preferred embodiment, as iUuslxated in FIGS, 19c, 19o, 19p, 19q, 19r, 
19s, and 19t, the cover 1945 is adapted to mate with the body 1960 of the housing 

25 1905. The cover 1945 preferably includes several openings 1950 for receiving a 
screw 1951, keying slots 1952a, 1952b, 1953a, 1953b, and 1954, and keying 
ridges 1956a and 1956b, In a preferred embodiment, the openings 1950 receive 
screws 1951 for fastening the cover securely to the body 1960 of the housing 
1905. The openings 1950 are preferably adapted to align witih the screw holes 

30 2070 in the body 1960 of the housing 1905. The keying slots 1952a and 1952b 
are preferably adapted to mate with the fourth cable housing 2060. The keying 
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slots 195Sa and 1953b are preferably adapted to mate with the third cable 
housing 2065. The keying slot 1954 is preferably adapted to mate with the 
exterior walls 1937a, 1937b, 1937c, and 19S7d of the gasket device 1935. The 
keying ridges 1956a and 1956b are preferably adapted to fit between the exterior 
5 waUs 1937a, 1937b, 1937c, and 1937d of the gasket device 1935 and the rubber 
contact pressure device 1930 positioned within the interior chainber 1938 of the 
gasket device 1935. 

The cov^r 1945 may be fabricated from any durable electrically instdative 
materials such as, for example, plastic, ceramic or a composite material. 

10 As illustrated in FIG. 23, in a preferred embodiment, the cables 1925 

include a conductor cable 2305 with one or more conductors 231Q. Each of the 
conductors preferably include a termmation 2040. The conductor cable 2305 and 
conductors 2310 with tenmnations 2040 are preferab^ cable 
housings 2045, 2050, 2055 and 2060. 

15 The terminations 2040 preferably include crimp-on terminations having 

an opening 2041 for receiving an electrical conductor and a body having a smaller 
cylindrical element 2042 and a larger (y 



20 conductors 231(3 and ttei cable tenninations 2040. The shrink sleeves 2315 
preferably prevent fluids from within the cable 1925 from entering the geophone 
1900. Theshrink sleeves 2315 may include any number of cori^ 
commercially available shrink sleeves such as, for example, ESIOO^ glue filled 
shrink sleeves, 3M-gIue filled shrink sleeves, or EAYCHEM glue filled shrink 

25 sleeves. In a preferred embodiment^ the shrmk sleeves 2315 are ESlOO* glue 
Med shrink sleeves. 

The housing for the cable 1925 may be divided into two or more housing 
sections. In a preferred embodiment, as illustrated in FIGS. 24a and 24b the 
housing for the cable 1925 is divided into two housing sections 2401 and 2402; 

30 In another preferred embodiment, as illustrated in FIGS. 24c, 24d, and 24e, the 
cable 1925 is diA^ded into three housing sections 2401 j 2402, and 2403. 



As illiistrated in FIG. 23aj in a preferred embodiment, the cables 1925 
further include oiie or more shrink sleeves 2315 for providing a seal between the 
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The first housing section 2401 preferably includes the cable terminations 
2040, the first cable housing 2045, the second cable housing 2050, the third cable 
housing 2055 and a connection loop 2415. The connection loop 2415 may include 
any number of conventional commercially available devices suitable for providing 
5 a connection mechanism betv^een the first housing section 2401 and the second 
hoiising section 2402. In a preferred embodiment, the connection loop 2415 is 
fabricated fi:om plastic. In another preferred embodinpient, the connection loop 
2415 is fabricated from synthetic rubber. 

In another preferred embodiment, the third cable housing 2055 is 
10 separated from the first housing section 2401 to form the third housing section 
2403. 

The second housing section 2402 preferably includes the fourth cable 
housing 2060 and a connection conduit 2410, 

In a preferred embodiment, the first housing section 2401 and the second 

15 housing section 2402 are connected by inserting the connection loop 2415 into 
the second housing section 2410. and aligning the connection loop 2415 and the 
connection conduit 2410. The connection is then secured by inserting a 
connection pin 2405 into the coimection conduit 2410 to hold the first housing 
section 2401 and the second housing section 2402 in place around the cable 1925. 

20 In this configuration, stress relief is preferably provided for the cable 1925 by 
diverting a portion of the stress to the connection loop 2415 and away from the 
cable housings 2045, 2050, 2055, 2060 and the cable terminations 2040. 

Referring to FIG. 25, a preferred method 2500 of assembling the geophone 
assembly 1900 will now be described. In a preferred embodiment, as iUustrated 

25 in FIG. 25, the method 2500 includes: inserting the geophone sensor 1910 into 
the housing body 1905 in step 2505, placing the bridging device 1920 within the 
housing body 1905 in step 2510, inserting the cabling 1925 into the housing body 
1905 in step 2515, placing the gasket device 1935 on top of the cabling 1925 in 
step 2520, and sealing the geophone assembly 1900 in step 2525. 

30 In a preferred embodiment, in step 2505 the geophone sensor 1910 is 

inserted into the housing body 1905. The geophone sensor 1910 may be inserted 
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into the housing body 1905 using any number of methods suitable for installing 
the geophone sensor 1910 in the housing body 1905. In a preferred embodiment, 
the geophone sensor 1910 is inserted into the interior chamber 1965 within the 
body 1906 of the housing 1905. In a preferred embodiment, the geophone sensor 
5 1910 is inserted into the interior chamiber 1965 by aligning the keying member 
1996 on the circuit board 1975 with the keying member 1992 within the body 
1906 of the housing 1905. 

In a preferred embodiment, in step 2510 the bridge 1920 is inserted into 
the housing body 1905. The bridge 1920 may be inserted into the housing body 

10 1905 using any suitable niethod. In a preferred embodiment, the bridge 1920 is 
placed on top of the geophone sensor 1910 and mates with the interior surfaces 
of the walls of liie seaMng slots 1990a and 1990b. In a preferred embodiment, the 
keying slots 2036a and 2036b in the bridge 1920 align with the keying member 
1992 on the body 1906 of the housing 1905 and the keying member 1996 on the 

15 circuit board 1975. 

In a preferred embodiment, in step 25 15 the cabling 1925 is inserted into 
the body 1960 of the housing 1905. The cabling 1925 may be inserted into the 
body 1960 of the housing 1905 using any siiitable method. In a preferred 
embodiment, the cabling 1925 is inseirted into the housing body 1905 by placing 

20 the cabling 1925 on top of the bridge 1920. In a preferred embodiment, the 
cabling 1925 is placed on top of the bridge 1920 by inserting the cable 
terminations 2040 into the cable termination supports 2030a and 2030b. In tiiis 
configuration, the cable terminations 2040 are preferably coupled to the 
electrical contacts 1980 on the circuit board 1975 aiid provide; stress relief for the 

25 cabling 1925 as a whole. 

In a preferred embodiment, in step 2520 the gasket device 1935 is placed 
on top of the cabling 1925. The gasket device 1935 may be placed on the cabling 
1925 any number of conventional commercially available methods. In a 
preferred embodiment, the gajsket device 1935 is placed around the cabling 1925 

30 by inserting the second cable housing 2050 into the slots 1939a and 1939b in the 
exterior walls 1937a and 1937c of the gasket device 1935. The gasket device 
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1935 preferably mates with and is supported within the sealing slots 1990a and 
1990b of the body 1960 of the housing 1905. In addition, the keying member 
1933 on the gasket device 1935 is preferably aligned with the keying slots 2037a 
and 2037b on the bridgiug device 1920. In a preferred embodiment, the rubber 
5 contact pressiure device 1930 within the gasket device 1935 is positioned within 
the interior chamber 2020 of the bridge 1920 above the cable terminations 2040. 
The pressure ridge 1931 on the contact pressure device 1930 preferably supplies 
pressure to the cable terminations 2040 to improve the coupling between the 
cable terminations 2040 and the electrical contacts 1980 on the circuit board 
10 1975. 

In a preferred embodiment^ in step 2525 the geophone assembly 1900 is 
sealed. The geophone assembly 1900 may be sealed using any number of 
conventional commercially available methods of sealing a geophone assembly 
1900. In a preferred embodiment, the geophone assembly 1900 is sealed by 

15 affixing the cover 1945 to the body 1906 of the housing 1905. In a preferred 
embodiment, the cover 1945 is affixed to the body 1906 of the housing 1905 by 
inserting the screws 1951 into the openings 1950 in the cover 1945 and into the 
screw holes 2070 in the body 1906 of the housing 1905. 

Referring to FIG. 26, a preferred method 2600 of replacing components 

20 from within a geophone assembly 1900 will now be described. In a preferred 
embodiment, as illustrated in FIG. 26, the method 2600 of replacing components 
from within a geophone assembly 1900 includes: disassembling the geophone 
assembly 1900 in step 2605, removing the component to be replaced in step 2610, 
inserting a replacement component in place of the removed component in step 

25 2615, and reassembling the geophone assembly 1900 in step 2620. 

In a preferred embodiment, in step 2605 the geophone assembly 1900 is 
disassembled. In a preferred embodiment, the geophone assembly 1900 includes 
the housing 1905, the geophone sensor 1910, the bridge 1920, one or more cables 
1925, the gasket device 1935, the cover 1945, and the screws 1951. In another 
5 preferred embodiment, the geophone assembly 1400 includes the housing 1405, 
the geophone sensor 1410, the lower gasket 1415, the bridge 1420, one or more 
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cables 1425, the rubber seal 1430, the upper gasket 1435, the tag 1440, the cover 
1445, and the screws 1450. The geophone assembly 1900 may be disassembled 
using any niunber of suitable methods of disassembling the geophone assembly 
1900. In a preferred embodiment, the geophone assembly 1900 is disassembled 
5 by removing the screws 1951 from the cover 1945 and removing the individual 
components as desired. In another preferred embodiment, the geophone 
assembly 1400 is disassembled by removing the screws 1450 from the cover 1445 
and removing the individual components as desired. 

In a preferred embodiment, in step 2610 the component to be replaced is 

10 removed from the geophone assembly 1900. The component may include the 
housing 1905, the geophone sensor 1910, the bridge 1920, one or more cables 
1925, the gasket device 1935, the cover 1945, or the screws 1951, 

In a preferred embodiment, in step 2615 the component that was removed 
in step 2610 is replaced witii a replacement component. The replacement 

15 component may include any component suitable for installation within the 
geophone assembly 1900. In a preferred embodiment, the replacement 
component is identical to the component in step 2610. 

In a preferred embodiment, in step 2620 the geophone assembly 1900 is 
reassembled. The geophone assembly 1900 may be reassembled using any 

20 method suitable for reassembling the geophone assembly 1900. In a preferred 
embodiment, the geophone assembly 1900 is reassembled by reinserting the 
geophone sensor 1910, the bridge 1920, the one or more cables 1925, the gasket 
device 1935, the cover 1945, and tiie screws 1951 into the housing 1905 in the 
same order in which the components were present within the housing 1905 

25 before the geophone assembly 1900 was disassembled in step 2605. 

A geophone system has been described which minimizes assembly time by 
eliminating the need for soldered connections. Instead, the present geophone 
system provides a solderless snap-on connection termination. The teachings of 
the present geophone system can be apphed to existing geophone systems, 

30 greatly reduces string assembly time, and will permit in-field repair. 
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A geophone system has been described that includes one or more 
geophones including a body including an opening defining a cavity, a first circuit 
board positioned in the cavity, and a seismic detector positioned in the cavity 
operably coupled to the first circuit board, one or more removable cable 
5 connectors positioned in the cavity above the first drcxiit board, and a cap 
coupled to the body, the cap including a second printed circuit board operably 
coupled to the cable connectors and the first circuit board, and cabling operably 
coupled to the cable connectors* In a preferred embodiment, the body includes 
one or more locking fingers adapted to couple to the cap. In a preferred 

10 embodiment, the cap includes one or more cavities adapted to receive the locking 
fingers. In a preferred embodiment, eadi geophone furtiier includes a locking 
ring adapted to couple the locking fingers to the cap. In a preferred embodiment, 
the body includes one or more slots extending into the cavity. In a preferred 
embodiment, the cable connectors extend iiito the slots. In a preferred 

15 embodiment, the first circuit board includes receptacles, the cable connectors 
include receptacles, and the second circuit board includes pins operably coupled 
to the receptacles of the first circuit board and the cable connectors. In a 
preferred embodiment, the cable connectors have a wedge-shaped cross section. 
In a preferred embodiment, the cable connectors have a rectangular-shaped cross 

20 section. In a preferred embodiment, the cable connectors are stacked within the 
cavity. 

A geophone system has also been described that includes one or more 
geophones induding a body including an opening defining a cavity, a plurality of 
slots extending into the cavity, a first circuit board positioned in the cavity, a 

25 seismic detector positioned in the cavity operably coupled to the first circuit 
boarc^ and one or more locking fingers extending from the body, one or more 
removable cable connectors positioned in the cavity above the first circuit board, 
the cable connectors extending into the slots, and a cap coupled to the locking 
fingers, the c£^ including a second printed circuit board operably coupled to the 

30 cable connectors and the first circuit board, and cabling operably coupled to the 
cable connectors. 
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A geophone sjrstem has also been described that includes one or more 
geophones including a body including an opening defining a cavity, a circuit 
board positioned in the cavity, and a seismic detector positioned in the cavity 
operably coupled to the circuit board, one or more removable cable connectors 
5 positioned in the cavity on top of the circviit board, and a cap coupled to the body, 
and cabling operably coupled to the cable connectors. In a preferred 
embodiment, the body includes one or more locking fingers adapted to couple to 
the cap. In a preferred embodiment, the cap includes one or more cavities 
adapted to receive the locking fingers. In a preferred embodiment, each 

10 geophone further includes a locking ring adapted to couple the locking fingers to 
the cap. In a preferred embodiment, the body includes one or more slots 
extending into the cavity. In a preferred embodiment, the cable connectors 
extend into the slots. In a preferred embodiment, the cap is coupled to the body 
by threaded screws. In a preferred embodiment, the body includes one or more 

15 slots for containing one or more of the cable connectors. In a preferred 

embodiment, the circuit board includes contacts; wherein the cabling includes 
terminations; and wherein the terminations are coupled to the contacts. In a 
preferred embodiment^ the cc^le connectors include abridging device positioned 
on top of the seismic detector, and a gasket device including an interior chamber 

20 and exterior walls positioned on top of the bridging device. In a preferred 

embodiment, the cable connectors further include a contact pressiu^e rubber seal 
positioned between the cap and the cabling. In a preferred embodiment, the 
bridging device includes exterior walls and an interior chamber. In a preferred 
embodimait, the exterior walls of the bridging dievice include slots for supporting 

25 the cable. In a preferred embodiment, the gasket device includes an upper gasket 
and a lower gasket. In a preferred embodiment, the gasket device includes slots 
in the exterior walls for supporting the cable. In a preferred embodiment, the 
gasket device includes one or more slots extending through the exterior wall for 
supporting the cable, and a contact pressure rubber seal coupled to the exterior 

30 wall and extending into the interior chaniber. In a prefixed embodiment, the 
contact pressure rubber seal fits within the bridging device. In a preferred 
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embodiment, the circuit board includes one or more operational kejdng members 
for customizing the operation of the geophone system. 

A geophone element has been described that includes a geophone sensor 
and a circuit board coupled to the geophone sensor. In a preferred embodiment, 
5 the circuit board includes one or more electrical contacts for coupling the 
geophone element to electrical cables. In a preferred embodiment, the circuit 
board includes one or more keying members to facilitate the coupling of the 
electrical cables to the electrical contacts on the geophone element. In a 
preferred embodiment, the circuit board includes one or more keying members 

10 for positioning the geophone element within a housing. In a preferred 

embodiment, the geophone is cylindrical and the circuit board is circular with a 
pair of opposing circular cut-outs. 

A cabling system for use within a geophone system has been described 
that includes an electrical cable, a housing for the cable, and one or more cable 

15 terminations at the ends of the electrical cable. In a preferred embodiment, the 
housing for the cable is adapted to fit within sealing slots in the geophone 
system. In a preferred embodiment^ the houising for the cable is molded onto the 
cable. In a preferred embodiment, the housing for the cable includes a first 
housing section including a connection loop, a second housing section including a 

20 connection conduit, and a connection pin for coupling the first housing section 
and the second housing section. In a preferred embodiment, the cable 
terminations have a rectangular-shaped cross-section. In a preferred 
embodiment, the cable terminations have a wedge-shaped cross section. In a 
preferred embodiment, the cable terminations provide an electrical contact for 

25 the cabling sjrstem within the geophone system. In a preferred embodiment, the 
cable ternodnations provide steess relief for the cabling system within the 
geophone system. In a preferred embodiment, the cabUng system fiu-ther 
includes one or more shrink sleeves for providing a water block seal between the 
cable and the cable terminations. 

30 A housing for holding geophone sensor components has been described 

that includes a housing body including an opening comprising a cavity within the 
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body, one or more keying members located within the housing body, and a cap 
for sealing the housing body. In a preferred embodiment, the housing further 
includes a spike attached to the bottom of the housing body. In a preferred 
embodiment, the keying members include ridges. In a preferred embodiment, 
5 the keying members include slots. In a preferred embodiment, the ridges are 
adapted to align with contours of the geophone sensor components. In a 
preferred embodiment, the slots are adapted to align with contours of the 
geophone sensor components. 

A bridge device has been described that includes a bridge body, including 

10 an interior chamber and exterior walls, and slots defining cable termination 
supports in the exterior walls. In a preferred embodiment, the bridge device 
further includes cable rests in the exterior walls. In a preferred embodiment, the 
bridge device further includes one or more slots within the ^teridr waUs for 
aligning the bridge device within the geophone system. 

15 A rubber pressure seal for sealing geophone system components has been 

described that includes a body, including a top surface and a bottom surface and 
a pressure ridge positioned on the bottom suif ace of the body. In a preferred 
embodiment, the body is shaped to fit within one or more of the geophone system 
components. 

20 A gasket device for mating with a housing for holding a geophone sensor 

has been described that includes exterior walls and an interior chamber. In a 
preferred embodiment, the gasket device further includes one or more slots 
extending through the exterior walls for holding a cable. In a preferred 
embodiment, the gasket device further includes a rubber pressure seal positioned 

25 within the interior chamber. In a preferred embodiment, the rubber pressure 
seal includes a body including an upper surface and a lower surface and a 
pressure ridge positioned on the lower surface. 

A cap for sealing a housing body within a geophone system has been 
described that includes a cap body and one or more screw holes extending 

30 through the cap body. In a preferred embodiment, the cap further includes a 
sealing slot for holding a cable. 
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A method of assembliDg a geophone assembly has been described that 
includes inserting a geophone sensor element within a body of a housing, placing 
a bridge in the body of the housing, inserting cabling into the housing body, 
placing a gasket device on top of the cabling, and sealing the geophone assembly. 
5 In a preferred embodiment, the geophone sensor element includes a geophone 
sensor and a circuit board positioned on top of the geophone sensor. In a 
preferred embodiment, the housing body includes one or more keying members, 
the circuit board includes one or more keying members, and the geophone 
element is ahgned within the body of the housing by aligning the keying 

10 members on the circuit board with the keying members in the housing body. In 
a preferred embodiment, the bridge includes a plurahfy of exterior walls, an 
interior chamber, keying slots within the exterior walls, and cable termination 
support slots witibdn the exterior waUs. In a preferred embodiment^ the bridge is 
positioned within the housing body by aligning the keying slots within the 

15 exterior walls with the circuit board and the housing body. In a preferred 
embodiment, the cabling includes cable terminations. In a preferred 
embodiment, the bridge includes cable termination slots, and cabling is 
positioned within the housing body by placing the cable terminations within the 
cable terminaition slots in the bridge. In a preferred embodiment, the geophone 

20 sensor includes electrical contacts aiid the cable terminations are coupled to the 
electrical contacts. In a preferred embodiment, the gasket device includes an 
exterior wall, an interior chamber, and a rubber pressiu^e seal coupled to the 
exterior wall positioned within the interior chamber. In a preferred embodiment, 
the geophone assembly is sealed by; placing a cap on tiie housing body. 

25 A method of replacing components in a geophone assembly has been 

described that includes disassembhng the geophone assembly, removing a 
component from within the geophone assembly, replacing the component with a 
new component, and reassembling the geophone assembly. In a preferred 
embodiment, the geophone assenibly includes a housing body, a geophone sensor 

30 positioned within tiie housing body^ a circuit board positioned on top of the 
geophone sensor, cable connectors positioned on top of the circuit board, cabling 
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operably coupled to the cable connectors, and a cap positioned on top of the 
housing body for sealing the geophone assembly. In a preferred embodiment, the 
cable connectors include a bridging device adapted to hold the cabling and a 
gasket de\dce adapted to supply pressure to the cabling to couple the cabling and 
5 the circtiit board. 

Although illustrative embodiments of the invention have been sho\m and 
described, a wide range of modification, changes and substitution is 
contemplated in the foregoing disclosure. In some instances, some features of 
the present invention may be employed without a corresponding use of the other 
features. Accordingly, it is appropriate that the appended claims be construed 
broadly and in a manner consistent with the scope of the invention. 
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Claims 

11. A geophone system, comprising: 

2 one or more geophones including: 

3 a body including an opening defining a cavity, a first circuit board 

4 positioned in the cavity^ and a seismic detector positioned in 

5 the cavity operably coupled to the first circuit board; 

6 one or more removable cable connectors positioned in the cavity 

7 above the first circuit board; and 

8 a cap coupled to the body, the cap including a second printed circuit 

9 board operably coupled to the cable cozmectors and the first 

10 circuit board; and 

1 1 cabling operably coupled to the cable connectors. 

1 2. The geophone system of claim 1, wherein the body includes one or more 

2 locking fingers adapted to couple to the cap. 

1 3. The geophone sjrstem of claim 2, wherein the cap includes one or more 



2 cavities adapted to receive the locking fingers. 



1 4. The geophone system of claim 3, wherein each geophone fiurther comprises 

2 a locking ring adapted to couple the locking fingers to the cap. 

1 5. The geophone system of claim 1, wherein the body includes one or more 

2 slots extending into the cavity; 

1 6. The geophone system of claim 5, whereiu the cable connectors extend into 

2 the slots. 

1 7. The geophone system of claim 1, wherein the first circuit board includes 

2 receptacles, the cable connectors include receptacles, and tile second circuit 
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3 board includes pins operably coupled to the receptacles of the first circuit board 

4 and the cable connectors. 

1 8. The geophone system of claim 1, wherein the cable connectors have a 

2 wedge-shaped cross section. 

1 9. The geophone system of claim 1, wherein the cable comiectors have a 

2 rectangular-shaped cross section. 

1 10. The geophone system of claim 1, wherein the cable connectors are stacked 

2 within the cavity. 

1 11. A geophone system, comprising: 

2 one or more geophones including: 

3 a body including an opening defining a cavity, a plurality of slots 

4 extending into the cavity, a first circmt board positioned in 

5 the cavity, a seismic detector positioned in the cavity 

6 operably coupled to the first circiut boards and one or more 

7 locking fingers extending from the body; 

8 one or more removable cable connectors positioned in the cavity 

9 above the first circuit board, the cable connectors extending 

10 into the slots; and 

11 a cap coupled to the locking fingers, the cap including a second 

12 printed circuit board operably coupled to the cable 

13 connectors and the first circuit board; and 

14 cabling operably coupled to the cable connectors. 

15 12. A geophone system, comprising: 

16 one or more geophones including: 
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17 a body including an opening defining a cavity, a circuit board 

18 positioned in the cavily, and a seismic detector positioned in 

19 the cavity operably coupled to the circuit board; 

20 one or more removable cable connectors positioned in the cavity on 

21 top of the circuit board; and 

22 a cap coupled to tiie body; and 



23 cabling operably coupled to the cable connectors. 

24 13. The geophone system of claim 12, wherein the body includes one or more 

25 locking fuigers adapted to couple to the cap. 

1 14. The geophone system of claim 13/ wherein the cap includes one or more 

2 cavities adapted to receive the locking fingeirs. 

1 15. The geophone system of claim 14, wherein each geophone further 

2 comprises a locking ring adapted to couple the locking fingers to the cap. 

1 16. The geophone system of claim 12, wherein the body includes one or more 

2 slots extendmg into the cavity. 

1 17. The geophone system of claim 16, wherein the cable connectors extend 

2 into the slots. 

1 18. The geophone system of claim 12, wherein the cap is coupled to the body 

2 by threaded screws. 

1 19. The geophone system of claim 12, wherein the body includes one or more 

2 keying slots for aligning one or more of the cable connectors within the body 

1 20. The geophone system of claim 12, wherein the body includes one or more 

2 keying ridges for aligning one or more of the cable connectors within the body. 
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3 21. The geophone sj^tem of claim 12, wherein the circuit board includes 

4 contacts; wherein the cabling includes terminations; and wherein the 

5 terminations are coupled to the contacts. 



1 22. The geophone system of claim 12, wherein the circuit board includes a 

2 kejdng member for aligning the circuit board within the geophone system. 

1 23. The geophone system of claim 12, wherein the circuit board includes one 

2 or more operational keying members for customizing the operation of the 

3 geophone system. 

4 24. The geophone system of claim 12, wherein the cable connectors include: 

5 a bridging device positioned on top of the seismic detector; 

6 and a gasket device including an interior chamber and exterior walls 

7 positioned on top of the bridging device. 



1 25. The geophone system of claim 24, wherein the cable connectors further 

2 include a contact pressure rubber seal positioned between the cap and the 

3 cabling. 



1 26. The geophone system of claim 24, wherein the bridging device includes 

2 exterior walls and an interior chamber. 



1 27. The geophone system of claim 26, wherein the exterior walls of the 

2 bridging device include one or more keying slots for aligning the bridging device 

3 within the geophone system. 

1 28. The geophone system of claim 27, further including one or more slots for 

2 supporting the cabling. 
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1 29. The geophone system of daim 24, wherein the gasket device includes: 



1 30. The geophone system of claim 24, wherein the gasket device includes 

2 exterior walls and an interior chamber. 

1 31. The geophone system of claim 30, wherein the gasket device includes one 

2 or more slots in the exterior walls for supporting the cable. 

1 32. The geophone system of claim 30, wherein the gasket device includes: 

2 one or more slots extending through the ^cterior wall for supporting the 

3 cable; and 

4 a contact pressure rubber seal coupled to the exterior wall and 

5 extending into the interior chamber. 

6 38. The geophone system of daim 32, wherein the contact pressure rubber 

7 seal fits within the bridging device. 

1 34. The geophone system of claim 12, wherein the cap mdudes one or more 

2 keying slots for aligning the cap on the body. 

1 35. The geophone system of claim 12, wherein the cap includes one or more 

2 keying members for aligning the cap on the body. 

1 36. The geophone system of claim 12, wherein the cabling comprises: 

2 an electrical cable; 

3 a housing for the cable; and 

4 one or more cable tenninations at the ends of the electrical cable. 



3 



2 



an upper gasket half; and 
a lower gasket half. 
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1 37. The geophone system of claim 36, wherein the housing for the cable is 

2 adapted to fit within seahng slots in the geophone sysUm. 



1 38. The geophone system of claim 36, wherein the housing for the cable is 

2 molded onto the cable. 



1 39. The gepphone system of claim 36, wherein the housing for the cable 

2 comprises: 

3 a first housing section including a connection loop; 

4 a second housing section including a connection conduit; and 

5 a connection pin for coupling the first housing section and the second 

6 housing section. 



1 40. The geophone sjratem of claim 36, wherein the cable terminations have a 

2 rectangular-shaped cross-section. 

1 41. The geophone system of claim 36, wherein the cable terminations have a 

2 wedge-shaped cross section. 

1 42. The geophone system of claim 36, wherein the cable tenninations provide 

2 an electrical contact for the cable within the geophone system. 

1 43. The geophone system of daim 36, wh^ein the cable terminations provide 

2 stress relief for the cable within the geophone system. 

1 44. The geophone system of claim 36, further comprising one or more shrink 

2 sleeves for providing a fluidic seal between the electrical cable and the cable 

3 terminations. 
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1 45. A geophone element, comprising: 

2 a geophone sensor; and 

3 a circuit board coupled to the geophone sensor. 



1 46. The geophone element of claim 45, wherein the circuit board includes one 

2 or more electrical contacts for coupling the geophone element to electrical cables. 

1 47. The geophone element of claim 46, wherein the circuit board includes one 

2 or more keying members to facilitate the coupling of the electrical cables to the 

3 electrical contacts on the geophone element. 

1 48. The geophone element of claim 45, wherein the circuit board includes one 

2 or more keying members for positioning the geophone element within a housing. 

1 49. The geophone element of claim 45, wherein the geophone is cylindrical; 

2 and wherein the circuit board is circular with a pair of opposing circular cut-outs. 

1 50. A cabling system for use within a geophone system, comprising: 

2 an electrical cable; 

3 a housing for the cable; and 

4 one or more cable terminations at the ends of the electrical cable. 

1 51. The cabling sjrstem of daim 50, wherein the housing for the cable is 

2 adapted to fit within sealing slots in the geophone system. 

1 52. The cabling system of claim 50, wherein the housing for the cable is 

2 molded onto the cable. 

1 53. The cabling system of claim 50, wherein llie housmg for the cable 

2 comprises: 

3 a first housing section including a connection loop; 
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4 a second housing section including a connection conduit; and 

5 a connection pin for coupling the first housing section and the second 

6 housing section. 

1 54. The cabling system of claim 50, wherein the cable terminations have a 

2 rectangular-shaped cross-section. 

1 55. The cabling system of claim 50, wherein the cable terminations have a 

2 wedge-shaped cross section. 

1 56. The cabling system of claim 50, wherein the cable terminations provide an 

2 electrical contact for the cabling system within the geophone system. 

1 57. The cabling system of claim 50, wherein the cable terminations provide 

2 stress relief for the cabling system within the geophone system. 

1 58. The cabling sj^tem of daiin 50^ further comprising one or more shrink 

2 sleeves for providing a fliddic seal between the cable and the cable terminations. 

1 59. A housing for holding geophone sensor components, comprising: 

2 a housing body including an opening comprising a cavity within the 

3 body; 

4 one or more keying members located vdthin the housing body; and 

5 a cap for sealing the housing body. 

6 60. The housing of claim 59, further including a spike attached to a bottom of 

7 the housing body. 

1 61. The housing of claim 59, wherein the keying members include ridges. 

1 62. The housing of claim 59, wherein the keying members include slots. 
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1 63. The housing of claim 61, wherein the ridges are adapted to align vdth 

2 contours of the geophone sensor components. 

1 64. The housing of claim 62, wherein the slots are adapted to align with 

2 contours of the geophone sensor components. 

1 65. A bridge device for coupling one or more cables to a geophone housings 

2 comprising: 

3 a bridge body, including an interior chamber and exterior walls; and 

4 one or more slots defining cable termination supports in the exterior 

5 walls, 

1 66. The bridge de^dce of claim 65, further comprising cable rests in the 

2 exterior walls. 

1 67. The bridge device of claim 65, further comprising one or more slots within 

2 the exterior walls for aligning the bridge device within the geophone S3rstem. 

1 68. A rubber pressure seal for seaHng geophone system components, 

2 comprising: 

3 a body, including a top surface and a bottom surface; and 

4 a pressure ridge positioned on the bottom siurface of the body. 

1 69. The rubber pressure seal of claim 68, wherein the body is shaped to fit 

2 within one or more of the geophone system components. 

1 70. A gasket device for mating with a housing for holding a geophone sensor, 

2 comprismg: 

3 exterior walls; and 

4 an interior chamber. 
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1 71. The gasket device of claim 70, further comprising one or more slots 

2 extending through the exterior walls for holding a cable. 



1 72. The gasket device of claim 71, further comprising a rubber presstire seal 

2 positioned within the interior chamber. 



1 73. The gasket device of claim 72, wherein the rubber pressure seal comprises: 

2 a body including an upper stu*face and a lower surface; 

3 and a pressure ridge positioned on the lower sxuiace. 

1 74. A cap for sealing a housing body within a gepphone system, comprising: 

2 a cap body; and 

3 one or more screw holes extending through the cap body. 

1 75. The cap of claim 74, further including one or more keying slots for 

2 aligning the cap on the housing body. 

1 76. The cap of claim 74, further induding one or more keying ridges for 

2 aligning the cap on the housing body. 



1 77. A method of assembling a geophone assembly, comprising: 

2 inserting a geophone sensor element within a body of a housing; 

3 placing a bridge in the body of the housing; 

4 inserting cabling into the housing body; 

5 placing a gasket device on top of the cabling; and 

6 sealing the geophone assembly. 

7 78. The method of claim 77, wherein the geophone sensor element comprises: 

8 a geophone sensor; and 

9 a circuit board positioned on top of the geophone sensor. 
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1 79, The method of claim 78, wherein the housing body includes one or more 

2 keying members; wherein the circuit board includes one or more keying 

3 members; and wherein the geophone element is aligned within the body of the 

4 housing by ahgning the keying members on the circxiit board with the kejdng 

5 members in tiie housing body. 

1 80. The method of claim 77, wherein the bridge comprises: 

2 a plm-ality of exterior walls; 

3 an interior chamber; 

4 one or more keying slots in the exterior walls; and 

5 cable termination support slots wil^iin the exterior walls. 

1 81 . The method of claim 80, wherein the bridge is positioned within the 

2 housing body by aligning the keying slots in the exterior walls wilii the circuit 

3 board and the housing body. 

1 82. The method of daim 77, wherein the cabling includes cable terminations. 

1 83. The method of daim 82, wherein the bridge includes cable termination 

2 slots; and wherein cabling is positioned within the housing body by placing the 

3 cable terminations within the cable termination slots in the bridge. 

1 84. The metiiod of daim 82, wherein the geophone sensor includes electrical 

2 contacts, and wherein the cable terminations are coupled to the electrical 

3 contacts. 

1 85. The method of claim 77, wherein the gasket device comprises: 

2 an exterior wall; 

3 an interior chamber; and 

4 a rubber pressure seal coupled to the exterior wall positioned within the 

5 interior chamber. 
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1 86. The method of claim 85, wherem tiie gasket device includes one or more 

2 slots in the exterior walls for aligning the gasket device within the housing body. 

1 87. The method of claim 77, wherein the geophone assembly is sealed by 

2 placing a cap on the housing body. 

1 88. The method of claim 87, wherein the cap includes one or more keying slots 

2 for mating with the housing body and the gasket device. 

1 89. A method of replacing components in a geophone assembly, comprising: 

2 disassembling tiie geophone assembly; 

8 removing a component from within the geophone assembly; 

4 replacing the component with a new component; and 

5 reassembling the geophone assembly. 

1 90. The method of claim 89, wherein the geophone assembly includes: 

2 a housing body; 

3 a geophone sensor element positioned within the housing body; 

4 a circuit board positioned on top of the geophone sensor; 

5 cable connectors positioned on top of the circuit board; 

6 cabling operably coupled to the cable connectors; and 

7 a cap positioned on top of the housing body for sealing the geophone 

8 assembly, 

1 91. The metiiod of claim 90, wherein the cable connectors include: 

2 a bridging device adapted to hold the cabling; and 

3 a gasket device adapted to supply pressure to the cabling to couple the 

4 cabling and the circuit board 

1 92. The method of daim 90, wherein the geophone sensor element comprises: 

2 a geophone sensor; and 
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a drcnit board positioned on top of the geophone sensor. 



1 93. The method of claim 92, wherein the housing body includes one or more 

2 keying members; wherein the circuit board includes one or more keying 

3 members; and wherein the geophone element is aligned within the body of the 

4 housing by aligning the keying members on the drcuit board with the keying 

5 members in the housing body. 

1 94. The method of claim 90, wherein the bridge comprises: 

2 a plurality of exterior walls; 

3 an interior chamber; 

4 one or more keying slots in the exterior walls; and 

5 cable termination support slots within the exterior walls. 

1 95. The method of claim 94, wherein the bridge is positioned within the 

2 housing body by aligning the keying slots in the exterior walls with the circuit 

3 board and the housing body. 

1 96. The method of claim 90, wherein the cabling includes cable teiminations. 

1 97. The method of claim 96, wherein the bridge includes cable termination 

2 slots; and wherein cabling is positioned within the housing body by placing the 

3 cable terminations within the cetble termination slots in the bridge. 

1 98. The method of claim 96, wherein the geophone sensor includes electrical 

2 contacts, and wherein the cable terminations are coupled to the electrical 

3 contacts. 

1 99. The method of daim 90, wherein the gasket device comprises: 

2 an exterior wall; 

3 an interior chamber; and 
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4 a rubber pressure seal coupled to the exterior wall positioned within the 

5 interior chamber. 

6 100, The method of claim 99, wherein the gasket device includes one or more 

7 slots in the exterior walls for aligning the gasket device within the housing body. 

1 101. The method of claim 90, wherein the geophone assembly is sealed by 

2 placing a cap on the housing body. 

1 102. The method of claim 101, wherein the cap includes one or more keying 

2 slots for mating vsdth the housing body and tile gasket device. 
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